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(54) ILLUMINATING DEVICE FOR FLUORESCENT LAMP 

(57)Abstract: 

PURPOSE: To sufficiently apply the titled device to the expansion of a 
portable liquid crystal television by arranging plural fluorescent lamps on 
the back side of a liquid crystal panel, successively turning on and off the 
lamps and using zigzag-curved tube type fluorescent lamps for discharge 
paths of the fluorescent lamps. 

CONSTITUTION: In a flat panel type container 17, a square diffusing 
transmission plate 20 is applied and fixed to/on an aperture end of a 
square and plate-like reflecting board 19 having a diffusing reflecting 
surface 18 on its inside and two curved-tube type fluorescent lamps L1, 
L2 are arranged in parallel on a plane parallel with the plate 20 so that 
respective directions are reversed by 180° . One of the lamps L1, L2 to 
be used corresponds to two straight fluorescent lamps for an illuminating 
body, so that the number of fluorescent lamps to be used can be 
reduced. Since these lamps L1, L2 are successively turned on by a 
lighting circuit 21, its power consumption corresponds to the lighting of 
one fluorescent lamp, so that it is also possible to turn on an inverter by 
using a DC power supply to be a battery 24. 
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3. Detailed Description of the Invention 
Field of Industrial Application 

The present invention relates to a fluorescent lamp illuminating apparatus of a 
flat panel type used for a backlight or the like in a liquid crystal display panel. 
Related Art 

In a backlight in a liquid crystal display panel used for an image display in a 
liquid crystal television, a light source that is capable of surface light emission with 
uniform luminance distribution is required. An EL lamp and a flat-panel-type 
fluorescent lamp illuminating body are examples of those generally used as this kind of 
light source. While the EL lamp has the advantages that the electrical power 
consumption is low and the luminance distribution is uniform, it has technical 
problems that the luminance is significantly lower than that of a fluorescent lamp and 
good white color cannot be obtained, for example. Thus, currently, the EL lamp 
cannot meet the recent demand for a colorized and large-size liquid crystal television. 
Meanwhile, the fluorescent lamp illuminating body comprises fluorescent lamps 
housed in a flat container comprising a light diffuse reflective surface and diffuse 
transmission plate that are opposite to each other. Since the fluorescent lamp 
illuminating body is capable of surface light emission with high luminance and 
approximately uniform luminance distribution, it is used not only for a backlight in a 
liquid crystal display panel but it is also widely used for another general indicating 
lamp or illuminating lamp. Further, the fluorescent lamp illuminating body uses a 
fluorescent lamp having an emission spectrum of three wavelength regions of blue, 
green, and red, and the light emitted from the fluorescent lamp is caused to selectively 
pass through the blue, green, and red of an optical filter. In this way, the fluorescent 
lamp illuminating body can be effectively used as a backlight of a color liquid crystal 
display panel, and therefore, research and development are being under way so as to 
realize practical use of a color liquid crystal television. 

Such fluorescent lamp illuminating body is practically used as a backlight for a 
liquid crystal display screen having a size of approximately 2 to 3 inches. An 
example thereof will be described with reference to Figs. 8 and 9. Reference numeral 
(1) denotes a rectangular, dish-like reflective plate made of resin or the like, and it is 
formed so that the bottom face thereof is used as a diffuse reflective surface (2). 
Reference numeral (3) denotes a rectangular diffuse transmission plate fixed to the 
upper opening portion of the reflective plate (1), and the rectangular diffuse 
transmission plate (3) and the reflective plate (1) form a flat-panel-type container (4). 
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Reference numeral (5) denotes a straight fluorescent lamp housed in the container (4), 
the light emission portion of which is disposed in the middle of the diffuse reflective 
surface (2) and the diffuse transmission plate (3). When the fluorescent lamp (5) is lit, 
part of the light is repeatedly diffused directly in the diffuse transmission plate (3), 
which then transmits the light. The remaining light is diffused and reflected by the 
diffuse reflective surface (2), and the light then passes through the diffuse transmission 
plate (3). As a result, the light that has passed through the diffuse transmission plate 
(3) exhibits approximately uniform luminance distribution and illuminate, and for 
example, a liquid crystal display panel (6) disposed on the diffuse transmission plate 
(3) in a parallel manner is thus illuminated. 

Since a liquid crystal television comprising the liquid crystal display panel (6) 
using the above fluorescent lamp illuminating body (7) as its backlight is small, light, 
and conveniently carried, a portable-type liquid crystal television that can be driven by 
dry batteries is preferably used. For this reason, a low-power-consumption lighting 
circuit for the fluorescent lamp (5) of the illuminating body (7) that allows lighting for 
a long time with dry batteries is used; for example, an inverter circuit (8) as shown in 
Fig. 10 is used. The inverter circuit (8) comprises an oscillation transformer T, and it 
also comprises, on the primary side thereof, resistors R\ and R2, and two transistors Tri 
and Tr2 connected in a push-pull manner via a capacitor C. When a DC voltage is 
applied to this inverter circuit (8) from a dry battery (9), both of the transistors Tri and 
Tr 2 are alternatively turned on/off repeatedly, the oscillation transformer T oscillates, a 
high-frequency voltage is generated on the secondary side of the oscillation 
transformer T, and as a result, the fluorescent lamp (5) exhibits high-frequency 
lighting. 

Problems to be Solved by the Device 

The dry battery used as a power supply in a portable liquid crystal television 
that can be driven thereby corresponds to approximately six 1.5-V cells. In order to 
light the fluorescent lamp (5) of the illuminating body (7) for a long time with such dry 
battery, the total power consumption of the fluorescent lamp (5) and the inverter circuit 
(8) needs to be, for example, 1 W/H or less. Such need is relatively easily satisfied if 
the display screen of a liquid crystal television is small; two inches, for example. 
However, the trend is that the size of the display screen of a recent liquid crystal 
television is rapidly increasing from 2 inches to 3 or 4.5 inches. Along with such 
trend, a flat-panel-type fluorescent lamp illuminating body having a larger size is being 
demanded. Such demand can be satisfied by increasing the number of fluorescent 
lamps used. However, as the number of the fluorescent lamps used is increased, the 
power consumption is increased, resulting in such problem that log-term dry battery 
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driving cannot be expected. This is a cause that makes it difficult to practically 
increase the size of a portable liquid crystal television. 

Thus, it is an object of the present invention to provide a 
low-power-consumption-type fluorescent lamp illuminating apparatus that can 
sufficiently accommodate an increase in the size of a portable liquid crystal television 
and that can be driven by dry batteries for a long time. 

Means of solving the problems 

In the present invention, a plurality of fluorescent lamps are disposed behind a 
liquid crystal panel, and the plurality of fluorescent lamps are sequentially lit. The 
above object is achieved by using a fluorescent lamp illuminating apparatus in which 
the plurality of fluorescent lamps are curved fluorescent lamps of which discharge 
paths meander. 
Effect 

The curved fluorescent lamps disposed behind a liquid crystal panel are 
structured such that the discharge paths meander. Thus, since a single lamp of such 
type illuminates a larger area than a straight fluorescent lamp, a small number of such 
curved fluorescent lamps disposed behind the liquid crystal panel is adequate, even 
when the size of the liquid crystal panel is made larger. Further, even when a 
plurality of fluorescent lamps are used, the electric power consumption can be reduced 
by sequentially lighting a plurality of the curved fluorescent lamps, and thus the lamps 
can be driven by dry batteries. 
(Embodiments) 

First, before describing an embodiment of the present invention, a fluorescent 
lamp illuminating apparatus that is a premise of the present invention and that had 
resolved prior art will be described with reference to Figs. 6 and 7. 

The fluorescent lamp illuminating apparatus shown in Figs. 6 and 7 includes a 
flat-panel container (13) composed of a rectangular, dish-like reflective plate (11) of 
which internal surface is a diffuse reflective surface (10) and a rectangular diffuse 
transmission plate (12) is fixed on the flat-panel container (13). A plurality of 
straight fluorescent lamps (14), (14), ... are disposed in parallel to each other, and the 
plurality of straight fluorescent lamps (14), (14),... are individually connected to a 
lighting circuit (15) via switching elements (16), (16), ... Each of the straight 
fluorescent lamps (14), (14), ... are sequentially lit by sequentially turning on/off the 
switching elements (16), (16), ... 

Such fluorescent lamp illuminating apparatus is characterized in that an 
increase in size of the container (13) associated with an increase in size of a liquid 



3 



crystal display panel can be dealt with by increasing the number of straight fluorescent 
lamps (14), (14), ... and that since electrical power consumed when the lamps are lit is 
almost the same as that when a single fluorescent lamp is sequentially lit, by 
sequentially lighting the plurality of the straight fluorescent lamps (14), (14), a low 
electrical consumption power is achieved, whereby the lamps can be driven by dry 
batteries. However, if the distance between the straight fluorescent lamps (14), (14), 
... is large in the container (13), there are cases in which patches of light emission 
appear on the light-emitting surface of the container (13). Thus, many straight 
fluorescent lamps (14), (14), ... need to be disposed in the container (13) at short 
intervals, whereby problems remain in terms of cost. 

The present invention has been made by improving the prerequisite technology, 
and one embodiment thereof will be hereafter described based on Figs 1 to 4. 

In Figs. 1 and 2, reference numeral (17) denotes a flat-panel container 
composed of a rectangular, dish-like reflective plate (19) having a diffuse reflective 
surface (18) on the inside thereof. The container is fixed with a rectangular diffuse 
transmission plate (20) that covers the open end of the container. Reference 
characters (Li) and (L2) denote a plurality of, for example two, curved fluorescent 
lamps housed in the container (17). In the figures, U-shaped lamps are shown. Two 
curved fluorescent lamps (Li) and (L 2 ) are disposed in a plane parallel to the plane of 
the diffuse transmission plate (20) and they are disposed in parallel with each other 
each having a direction opposite to each other by 180°. Since both end portions of 
each of the curved fluorescent lamps (Li) and (L 2 ) are portions in which electrodes are 
housed, and thus they barely contribute to light emission, the curved fluorescent lamps 
(Lj) and (L 2 ) are housed in the container (17) so that the end portions are installed 
outside a required light emission portion (a main reflective surface portion of the 
diffuse reflective surface). Reference numeral (21) denotes a lighting circuit for 
alternately, sequentially lighting the fluorescent lamps (Li) and (L 2 ). 

In cases in which a flat-panel type illuminating body (22) composed of the 
container (17) and the curved fluorescent lamps (Li) and (L 2 ) is used as a backlight of 
a liquid crystal display panel (23), as shown in Fig. 2 with a chained line, the two 
curved fluorescent lamps (Li) and (L 2 ) occupy about half of the space of the container 
(17), and each of the lamps causes about half of the diffuse transmission plate (20) to 
emit light with the same luminance by being lit. Assuming that the size of the 
container (17) of Fig. 1 is the same as that of the container (13) of Fig. 6 and that each 
of the surfaces emits light with the same luminance, one of the curved fluorescent 
lamps (Lj) and (L 2 ) used in the illuminating body (22) of Fig. 1 corresponds to two of 
the straight fluorescent lamps (14), (14), ... of the illuminating body of Fig. 6, whereby 
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it can be seen that the number of fluorescent lamps used is reduced by half. 

While it is possible to light the curved fluorescent lamps (Li) and (L 2 ) of such 
ilhiminating body (22) with a commercial AC power supply, by sequentially lighting 
lamps with the lighting circuit (21), the electrical consumption power corresponds to 
such power when a single fluorescent lamp is lit. Thus, inverter lighting can be 
possible with a DC power supply of the following dry battery (24). Fig. 3 shows a 
specific example of the lighting circuit (21) when lamps are lit with such inverter, and 
Fig. 4 shows a waveform diagram of light emission from the lamps when sequentially 
lit. 

In the lighting circuit (21) shown in Fig. 3, reference numeral (25) denotes an 
inverter circuit, and (26) denotes a sequential lighting control part. The structure of 
the inverter circuit (25) is the same as that of the inverter circuit (8) described in Fig. 
10. Portions identical to those in Fig. 10 are denoted by the identical reference 
characters, and the descriptions thereof are omitted. Two curved fluorescent lamps 
(Li) and (L2) are connected in parallel on the secondary side of the oscillation 
transformer T in the inverter circuit (25) via a change-over switch SW based on a 
semiconductor switching element or the like. The sequential lighting control part 
(26) is activated upon application of a voltage from the oscillation transformer T, and it 
switches the change-over switch SW at high speed, whereby the two fluorescent lamps 
(Li) and (L 2 ) are alternately lit. Namely, when a DC voltage from the dry cell (24) is 
applied to the inverter circuit (25), the oscillation transformer T oscillates. Next, the 
sequential lighting control part (26) switches the change-over switch SW at high speed 
so that two curved fluorescent lamps (Li) and (L 2 ) repeat a lighting operation at high 
speed in such manner that one lamp is turned off when the other lamp is tuned on, and 
when the other lamp is turned off, the first lamp is turned on. In this way, due to an 
effect of afterglow of the fluorescent screen of each of the fluorescent lamps (Li) and 
(L 2 ) and an effect of afterglow of human eyes, apparently, the whole area of the 
illuminating body (22) sequentially emits light, thereby functioning as a backlight of 
the liquid crystal display panel (23). 

Fig. 5 shows another embodiment of the present invention that will be 
hereafter described. In this embodiment, in the same way as in the above 
embodiment, two U-shaped, curved fluorescent lamps (L3) and (L4) are housed in the 
container (17). In this case, the distance d 2 between both ends of each of the two 
curved fluorescent lamps (L3) and (L 4 ) is twice the distance di between both ends of 
the curved fluorescent lamps (Li) and (L 2 ) in the above embodiment. These two 
curved fluorescent lamps (L3) and (L 4 ) are disposed in the container (17) so that 
individual straight portions having ends of the lamps are alternately arranged in 
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parallel at constant intervals. The two curved fluorescent lamps (L3) and (L4) are 
sequentially and alternately lit. 

In the embodiment shown in Fig. 5, when one curved fluorescent lamp (L 3 ) is 
lit, the left portion and a portion a little to the right from the center of the container 
(17) in the figure mainly emit light. When the next curved fluorescent lamp (L 4 ) is lit, 
the right portion and a portion a little to the left from the center of the container in the 
figure mainly emit light. By repeating such light emission, the present invention is 
utilized as a surface light source that causes less flickering. 

The present invention is not limited to the above embodiments. The present 
invention can be applied to cases in which the plurality of curved fluorescent lamps are 
S-shaped instead of U-shaped. Alternatively, a U-shaped lamp and an S-shaped lamp 
may be combined. 

Further, the plurality of curved fluorescent lamps may be simply disposed 
behind a liquid crystal panel or disposed via a diffuse transmission plate, instead of 
being housed in a flat panel container. 
Effect of the Invention 

According to the present invention, by disposing a plurality of curved 
fluorescent lamps behind a liquid crystal panel and lighting the lamps sequentially, it is 
possible to deal with an increase in size of an illuminating apparatus, and it is also 
possible to provide a fluorescent lamp illuminating apparatus of a low electric power 
consumption type that can be driven by dry batteries. Further, even when the size of 
the illuminating apparatus is increased, since curved fluorescent lamps having a large 
light emission area are used, the number of fluorescence lamps used can be made 
smaller, whereby an illuminating apparatus that is advantageous in terms of cost can be 
provided. 

4. Brief Description of the Drawings 

Fig. 1 shows a schematic diagram of a main portion of an embodiment of the 
present invention. Fig. 2 shows a cross sectional view of Fig. 1 taken along line A-A. 
Fig. 3 shows a specific circuit diagram of a circuit for lighting fluorescent lamps in the 
apparatus of Fig. 1. Fig. 4 shows a waveform diagram of light emission when the 
fluorescent lamps in the apparatus of Fig. 1 are lit. 

Fig. 5 shows a schematic plan view of another embodiment of the present 
invention, part of which is omitted. 

Fig. 6 shows a schematic plan view of a fluorescent lamp illuminating 
apparatus that is a prerequisite of the present invention, and Fig. 7 shows a cross 
sectional view of Fig. 6 taken along line B-B. 

Fig. 8 shows a plan view of an illuminating body in a conventional fluorescent 
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lamp illuminating apparatus, and Fig. 9 shows a cross sectional view of Fig. 8 taken 
along line C-C. Fig. 10 shows a circuit diagram for lighting a fluorescent lamp in the 
illuminating body of Fig. 8. 
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